Alternatives to carbon dioxide—taking responsibility for humanely ending the life of animals by Axiak Flammer, Shannon et al.








Alternatives to carbon dioxide—taking responsibility for humanely ending
the life of animals
Axiak Flammer, Shannon; Eskes, Chantra; Kohler, Ingrid; Pernet, Awilo Ochieng; Jakob, Peter;
Marahrens, Michael; Gent, Thomas; Golledge, Huw; Weary, Dan
Abstract: Carbon dioxide (CO2) is commonly used to kill rodents. However, a large body of research has
now established that CO2 is aversive to them. A multidisciplinary symposium organized by the Swiss
Federal Food Safety and Veterinary Office discussed the drawbacks and alternatives to CO2 in euthanasia
protocols for laboratory animals. Dialogue was facilitated by brainstorming sessions in small groups and
a “World Café”. A conclusion from this process was that alternatives to CO2 were urgently required,
including a program of research and extension to meet the needs for humane killing of these animals.
The next step will involve gathering a group of international experts to formulate, draft, and publish a
research strategy on alternatives to CO2.
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were  urgently  required,  including  a  program  of  research  and  extension  to meet  the  needs  for 












upon similarities  in nociceptors  in nasal and ocular epithelia. Research has shown  that gradually 




to  even  low  concentrations  of  CO2  [9,10].  Panic/defense‐related  brain  circuits,  such  as  the 
hypothalamic‐pituitary axis, are activated in rats after brief exposure to 20% CO2 [11]. Furthermore, 













































3. What makes up a  ‘good death’ from the perspective of the animal (that  is being killed) and the 
human (that kills the animal)? 
4. Is a  ‘good death’ different depending on  the purpose or environment?  [For example,  livestock 














possible  that  other  inhaled  euthanasia  agents  might  be  considered  a  refinement  over  CO2  for 
euthanasia of laboratory rodents. Evidence exists from several experimental approaches designed to 




min  to do so. Once they were fully  trained,  the chamber was gradually  filled with CO2 while the 
rodent was still eating, and the researchers measured the time spent in the chamber and the number 
of Cheerios consumed. In this experimental design, an ideal agent can be considered one where the 
animal would not escape, but rather stay  in  the chamber eating Cheerios until  fully anesthetized. 
When exposed  to CO2, all rats escaped  the chamber after consuming  just a  few Cheerios,  leaving 
when concentrations reach just ~12%, far below the level required to render the animal unconscious 
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can be considered one that the animal would not escape, and thus stays in the dark chamber exposed 














with Xe did not  show  jumping or  freezing behaviors  and had  reduced  locomotion  compared  to 


















a  combination  of different methods  (for  example,  anesthetics  to  render  the  animal unconscious, 
followed by a physical method for killing). The choice of the method would depend on considerations 
such as purpose, number of animals, species, and age. 




Some participants also discussed whether CO2 delivery methods  could be  refined, although  the 
consensus position (supported by current research) was that no method of delivery would render this 




experience  and  how  this  could  contribute  to  the  search  for  alternative  methods  to  CO2.  These 
suggestions included: 
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 Better  use  of  technology  to  identify  and  define  parameters  that  occur  during  death  (e.g., 
behavior, physiological changes) that are species and category dependent. 
• Finding ways of  reducing  the number of animals  that need  to be killed. For example, many 




• Undertaking  a  comprehensive  evaluation  of  the  entire  infrastructure  from  housing  type  to 
transportation to limit stress from the beginning until the end of an animal’s life. 
• Reflection  on  the  practice  of  research  as  an  entity,  from  experimental  design  and  grant 
application to publication of results. For example, there is pressure on scientists to obtain grants 
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